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DSSOLFDELOLW\RI WKHHYDOXDWLRQPHWKRGXVLQJDIUDFWXUHDVVHVVPHQWGLDJUDP)$'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ZLWK D QRPLQDO WKLFNQHVV RI  PP 7KH FKHPLFDO FRPSRVLWLRQ RI WKH VWHHO LV VXPPDUL]HG LQ 7DEOH  DQG LWV
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IRU WKH WHVW MRLQWVDIWHUPDQXIDFWXULQJZHOGFUDFNLQJ WHVWVSHFLPHQVXQGHUDUDQJHRIZHOGLQJFRQGLWLRQVDQG WKHQ
HYDOXDWLQJKRZHDFKHPEHGGHGIODZZDVLQWURGXFHGXQGHUHDFKVHWRIFRQGLWLRQV
3.2. Development of manufacturing method for welded joints with embedded flaw due to cold cracking 
&ROGFUDFNLQJW\SLFDOO\RFFXUVZKHQWKUHHFRQGLWLRQVQDPHO\ WKHSUHVHQFHRIGLIIXVLEOHK\GURJHQDKDUGHQHG




GRXEOH9JURRYH LQ DFFRUGDQFHZLWK -,6= WHVWZHOGZDVDGRXEOHEHYHOJURRYH7KLV MRLQWJHRPHWU\ZDV
FKRVHQ WR KHLJKWHQ WKH VHQVLWLYLW\ WR FROG FUDFNLQJ E\ UDLVLQJ WKH GHJUHH RI FRQVWUDLQW >@ DQG WR IDFLOLWDWH WKH





3.3. Manufacture of welded joints with embedded flaws due to cold cracking 
7KUHHVSHFLPHQVIRUHDFKRIVL[ZHOGLQJFRQGLWLRQVIRUWKHLQLWLDOOD\HULQWHVWZHOGLQJWHVWVSHFLPHQVLQWRWDO
ZHUHPDQXIDFWXUHGE\WKHIROORZLQJSURFHGXUH)LUVWPXOWLSOHOD\HUZHOGLQJZDVSHUIRUPHGE\FRQVWUDLQWZHOGLQJ
DFFRUGLQJ WR WKHZHOGLQJ FRQGLWLRQV VKRZQ LQ 7DEOH  6XEVHTXHQWO\ RQO\ WKH LQLWLDO OD\HU RI WKH WHVWZHOGZDV
IRUPHG $V VKRZQ LQ 7DEOH  WKH KHDW LQSXW ZDV YDULHG WR YDU\ WKH WKURDW WKLFNQHVV DQG WKH WKHUPRVWDWLF DQG
KXPLGLVWDWLF FKDPEHU FRQGLWLRQV DQGZHOGLQJ HOHFWURGH FRQGLWLRQVZHUH YDULHG WR DGMXVW WKH DPRXQWRIGLIIXVLEOH
K\GURJHQ LQ WKH WHVW VSHFLPHQV 3UHKHDWLQJ ZDV QRW SHUIRUPHG IRU DQ\ RI WKH WHVW FRQGLWLRQV WR KHLJKWHQ WKH
VHQVLWLYLW\ RI WKH KDUGHQHG VWUXFWXUH WR FROG FUDFNLQJ 7KH WHVW FRQGLWLRQVZHUH FRQILUPHG VR WKDW FROG FUDFNLQJ
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3.4. Evaluation of introduced embedded flaws 
7KUHHW\SHVRIREVHUYDWLRQDQGHYDOXDWLRQRIWKHHPEHGGHGIODZLQHDFKZHOGFUDFNLQJVSHFLPHQZHUHFRQGXFWHG
WRGHWHUPLQHZKHWKHU WKHVSHFLPHQZDVVXLWDEOHIRUXVHLQ WKHDVVHVVPHQWRI WKHVLJQLILFDQFHRIGHIHFWV)LUVWZH
SHUIRUPHGDQXOWUDVRQLFLQVSHFWLRQRIWKHXSSHUVXUIDFHRIWKHLQLWLDOOD\HURQWKHIODWVLGHIRUPHGEHIRUHPXOWLSOH
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1264   Y. Imai et al. /  Procedia Engineering  130 ( 2015 )  1258 – 1272 
7KHUHIRUHFRQGLWLRQVHWKHDWLQSXWN-PPWKHUPRVWDWLFFKDPEHUFRQGLWLRQV&DQGUHODWLYHKXPLGLW\
 KXPLGLVWDWLF FKDPEHU FRQGLWLRQV & UHODWLYH KXPLGLW\   K XQGHU ZKLFK WKH KLJKHVW OHYHO RI
GLIIXVLEOH K\GURJHQZDVPHDVXUHGZDV MXGJHG WR EH RSWLPXP IRU WKHZHOGLQJ RI WHVW MRLQWV EHFDXVH WKLV VHW RI
FRQGLWLRQVVHHPHGWREHFDSDEOHRIVWDEO\SURGXFLQJFROGFUDFNLQJDWDVXIILFLHQWKHLJKWZLWKLQWKHWHVWZHOG
:LGHSODWHWHQVLOHWHVW
4.1. Manufacture of specimen 





WKH EDFN VXUIDFH LQFUHDVHG 3HQHWUDWLRQ RI WKH FROG FUDFNLQJ WKURXJK WKH LQLWLDO OD\HUZDV QRW REVHUYHGZKHQ DQ
LQVSHFWLRQRI WKH IURQW VXUIDFHRI WKH LQLWLDO OD\HUZDVSHUIRUPHGXVLQJD OLTXLGSHQHWUDQWSULRU WR WKHZHOGLQJRI




























































4.2. Test conditions 
$01KRUL]RQWDO WHQVLOHPDFKLQHZDVXVHG IRU WKHZLGHSODWH WHQVLOH WHVW7KHZLGHSODWH WHQVLOH VSHFLPHQ
ZDVIDEULFDWHGWRVSDQDGLVWDQFHRIDSSUR[LPDWHO\PPEHWZHHQSLQKROHV7KHORDGGLVSODFHPHQWVWUDLQDQG

















%DVHPHWDO    
:HOGPHWDO    
4.3. Test results 
7KHZLGHSODWHWHQVLOHVSHFLPHQZDVORDGHGTXDVLVWDWLFDOO\DWDGLVSODFHPHQWUDWHRIDSSUR[LPDWHO\PPPLQ
XQWLOIUDFWXUH7DEOHSURYLGHVDQRYHUYLHZRIWKHREWDLQHGWHVWUHVXOWVDQG)LJVKRZVWKHORDG±GLVSODFHPHQW






























4.4. Identification of microstructure of fracture origin 
$ IUDFWXUH RULJLQ VXUYH\ RI WKH IUDFWXUH VXUIDFH ZDV FRQGXFWHG DQG WKH PLFURVWUXFWXUH RI WKH FURVVVHFWLRQ
SROLVKHG QHDU WKH IUDFWXUH RULJLQ ZDV H[DPLQHG XVLQJ VFDQQLQJ HOHFWURQPLFURVFRS\ 6(0 WR FRQILUP WKDW WKH
UHTXLUHPHQWVVWDWHGLQVHFWLRQKDGEHHQVDWLVILHGLQWKHZLGHSODWHWHQVLOHWHVW)LJLOOXVWUDWHVWKHSURFHGXUH
IRULGHQWLI\LQJWKHPLFURVWUXFWXUHRIWKHIUDFWXUHRULJLQ
7KH IUDFWXUH RULJLQ LGHQWLILHG LQ WKH VXUYH\ LV VKRZQ LQ )LJ $ VWUHWFKHG ]RQHZDV REVHUYHG EHWZHHQ WKH



















2. Cutting close to fracture origin.
3. Polishing from cutting surface
to fracture origin.㻌
4. Observation of structure 㻌
around fracture origin by SEM.
5. Polishing and etching a pair of
 C  cutting surfaces.㻌
6. Observation of cutting surface.
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HPEHGGHG IODZ GXH WR FROG FUDFNLQJ VDWLVILHG WKH UHTXLUHPHQWV IRU XVH LQ WKH DVVHVVPHQW RI WKH VLJQLILFDQFH RI
GHIHFWVEHFDXVHWKHIUDFWXUHVXUIDFHZDVLQWKHORFDOEULWWOH]RQH
$VVHVVPHQWRIVLJQLILFDQFHRIGHIHFWV
5.1. Comparison between critical stress and allowable stress 















5.2. Assessment of significance of defect by FAD 






WR WKRVH IRU WKH ZLGHSODWH WHQVLOH WHVW VSHFLPHQ WKH ZHOGHG MRLQW XVHG LQ WKH WKUHHSRLQW EHQGLQJ WHVW ZDV
PDQXIDFWXUHGZLWKGU\LQJRI WKHZHOGLQJ HOHFWURGH SUHKHDWLQJ DQGSUHFLVH LQWHUSDVV WHPSHUDWXUH FRQWURO LQ WKH
VDPHZD\DVIRUWKHQRUPDOWHVWSUHSDUDWLRQSURFHGXUH:HFRQILUPHGWKDWWKHKDUGQHVVOHYHODQGPLFURVWUXFWXUHLQ





5.2.2. Inputs and results of FAD evaluation 
7KH LQSXW GDWD XVHG IRU WKH )$' HYDOXDWLRQ DUH VKRZQ LQ 7DEOH  7KH VKDSH RI WKH HPEHGGHG IODZ ZDV
DSSUR[LPDWHGE\DQHOOLSVHZLWKDGLDPHWHUDWWKHORQJHVWSRLQWRIPPDQGDZLGWKRIPPVXFKWKDWWKHDUHDRI
WKHHPEHGGHG IODZDQG WKHHOOLSVHZRXOGEH LGHQWLFDO7KHPHDVXUHGZLGWK WKLFNQHVV DQGDQJXODUPLVDOLJQPHQW







IRU WKH IUDFWXUHRI WKHZLGHSODWH WHQVLOH VSHFLPHQZLWK WKHHPEHGGHG IODZGXH WRFROGFUDFNLQJ IDOOVRXWVLGH WKH
IDLOXUHDVVHVVPHQWFXUYH7KLVPHDQVWKDWWKH)$'HYDOXDWLRQLQGLFDWHVWKDWWKHVSHFLPHQZLOOIUDFWXUH7KHUHIRUHLW































































PHWDOZLWK WKH ORZHVW VWUHQJWK DW WKHZHOGHG MRLQW DV VKRZQ LQ )LJ  &RQVLGHULQJ WKDW WKHZLGHSODWH WHQVLOH
VSHFLPHQ IUDFWXUHG DIWHU SODVWLF GHIRUPDWLRQ DQG WKDW WKH QHW IUDFWXUH VWUHVV 03DZDV KLJKHU WKDQ WKH IORZ











XVHGDVDQ LQSXW LQ WKH)$'HYDOXDWLRQFDQEH ORZHU WKDQ WKDW LQDZLGHSODWH WHQVLOH WHVW ,QDGGLWLRQ WKH LQSXW




























































 $PHWKRGZDVGHYHORSHG IRUPDQXIDFWXULQJZHOGHG MRLQWVZLWK LQWHQWLRQDOO\ LQWURGXFHGHPEHGGHG IODZV
GXHWRFROGFUDFNLQJEDVHGRQWKH\JURRYHZHOGFUDFNLQJWHVW:HOGHGMRLQWVZHUHPDQXIDFWXUHGXQGHUVL[
GLIIHUHQWZHOGLQJFRQGLWLRQVYDU\LQJ LQ WKHKHDW LQSXWDQGDPRXQWRIGLIIXVLEOHK\GURJHQ WR LGHQWLI\WKH
EHVWFRQGLWLRQVIRUXVHLQGHIHFWDVVHVVPHQWDQGWKHQLQYHVWLJDWHGHDFKVSHFLPHQLQWHUPVRIWKHSRVLWLRQ
DQGGLPHQVLRQVRIWKHHPEHGGHGIODZVDQGWKHVWDELOLW\RIFROGFUDFNLQJ$VDUHVXOWWKHFRQGLWLRQVHWKHDW
LQSXW  N-PP WKHUPRVWDWLF FKDPEHU FRQGLWLRQV & UHODWLYH KXPLGLW\  KXPLGLVWDWLF FKDPEHU
FRQGLWLRQV & UHODWLYH KXPLGLW\ K IRUZKLFK WKH KHDW LQSXWZDV ODUJH DQGZLWK WKH ODUJHVW
DPRXQWRIGLIIXVLEOHK\GURJHQVHHPHGWRUHOLDEO\SURGXFHFROGFUDFNLQJDWDVXIILFLHQWKHLJKWZLWKLQWKH
WHVWZHOGDQGWKHUHIRUHZDVFKRVHQDVWKHZHOGLQJFRQGLWLRQVHWIRUWKHZLGHSODWHWHQVLOHWHVW
 $ZLGHSODWH WHQVLOH WHVWZDV SHUIRUPHG IRU WKHZHOGHG MRLQWZLWK WKH HPEHGGHG IODZ XQGHU WKH FKRVHQ
ZHOGLQJ FRQGLWLRQV WR REWDLQ D JURVV IUDFWXUHOLPLW VWUHVV RI  03D DQG D QHW IUDFWXUH VWUHVV RI
DSSUR[LPDWHO\03D,WZDVGHWHUPLQHGWKDWWKHLQWURGXFHGHPEHGGHGIODZZDVQHDUO\UHFWDQJXODUDQG
SRVLWLRQHGQHDUWKHIXVLRQOLQHLQWKHKHDWDIIHFWHG]RQH$IUDFWXUHRULJLQVXUYH\RIWKHZLGHSODWHWHQVLOH


















>@ :(6  6WDQGDUG 7HVW 0HWKRG IRU &UDFN7LS 2SHQLQJ 'LVSODFHPHQW &72' )UDFWXUH 7RXJKQHVV 0HDVXUHPHQW -DSDQ ZHOGLQJ
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